The behaviour of fission products in uranium dioxide has been a focus of considerable experimental and theoretical attention in the nuclear industry. Xenon and krypton have attracted particular attention due to their high fission yields. During in-reactor irradiation of the nuclear fuel, rare gases are subject to several phenomena: diffusion and precipitation. These phenomena can have adverse consequences on the fuel physical and chemical properties and its in-reactor behavior. When released from the material they induce an increase in the fuel rod pressure detrimental to its integrity. A greater understanding of the mechanisms that underpin rare gas diffusion and precipitation should enable the development of models with a greater predictive capability and also make it possible to optimize fuel microstructures so as to increase the fuel element discharge burnup. The development of models for describing oxide behavior is hindered by the lack of experimental data available. The aim is to contribute to the understanding of the prevailing phenomena and generate sets of fundamental data necessary for modelling rare gas behaviour. The purpose of this work is to better understand the behavior of fission gases by identifying diffusion and bubble nucleation. To do this, studies involving separate effects have been established coupling ion irradiations/implantations with fine characterizations (Thermal Desorption Spectrometry and Transmission electron microscopy).
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In order to analyse the mechanisms involved in rare gases diffusion, we carried out Thermal Desorption Spectrometry (TDS) measurements on the PIAGARA (Plateforme Interdisciplinaire pour l'Analyse des GAz Rares en Aquitaine) platform at CENBG laboratory in Bordeaux on UO 2 samples implanted at low fluence [ Fig. 1 ]. The experiment involves heating a sample in a small furnace to induce rare gases movement and release and using mass spectrometry to monitor the amount of rare gases released as a function of time. Interpretation of the release experiments has enabled us to determine xenon and krypton diffusion coefficients in uranium dioxide .
nd Int. Workshop Irradiation of Nuclear Materials: Flux and Dose Effects
Transmission electron microscopy (TEM) observations of UO 2 polycrystals irradiated in situ with 4 MeV Au ions were performed at room temperature (RT) to better understand the mechanisms of cavity and ultimately fission products nucleation in UO 2 . Experiments were carried out at the JANNuS Orsay facility that enables in situ ion irradiations inside the microscope to be carried out. The majority of 4 MeV gold ions were transmitted through the thin foil, and the induced radiation defects were investigated by TEM. Observations showed that nano-void formation occurs at ambient temperature in UO 2 thin foils irradiated with energetic heavy ions under an essentially nuclear energy loss regime. The diameter and density of nano-objects were measured as a function of the gold irradiation dose at RT [ Fig. 2] . A previous study [1] has also revealed a similar nano-object population after a Xe implantation performed at 390 keV at 870 K. The nano-object density was modelled using simple concepts derived from Classical Molecular Dynamics simulations. The results are in good agreement, which suggests a mechanism of heterogeneous nucleation induced by energetic cascade overlaps. This indicates that nano-void formation mechanism is controlled by radiation damage. Such nanovoids are likely to act as sinks for mobile fission products during reactor operation. 
STUDY OF XENON DIFFUSION IN UO 2 PIAGARA PLATFORM (CNRS/CENBG)
The platform is used to detect and analyse traces of isotopic rare gases with a detection limit of 10 5 Kr or Xe atoms In our study: low fluence to see nano cavity by TEM but xenon can be trapped in smaller irradiation defects
